Objective: To describe laparoscopic ovariectomy and salpingectomy in the African lioness (Panthera leo) and to establish the technical elements and complications of the respective procedures.
INTRODUCTION
Currently there are an estimated four to five thousand African lions incorporated in breeding programs on commercial farms in South Africa. 1 The need for population control in African lion prides on these farms has become a necessity. Male castration results in loss of the mane which is undesirable. Male vasectomy is a practical option but will result in mating without pregnancy. This may encourage lionesses to seek other "fertile" males and disrupt the social structure of the pride. Female sterilization therefore appears to be an option for lion population control worthy of investigation.
Induction of contraception in some African wild carnivores by down-regulation of LH and FSH secretion using the GnRH analogue deslorelin (Suprelorin ® Virbac Pty Ltd, Halfway House, South Africa) is currently in use. 2, 3 However this requires lionesses to be immobilized and implanted every 12-24 months for maintenance of contraception. 3 The practical implication of this is a cumulative cost and management effect, repeated stressful immobilizations and the lack of permanent sterilization.
Ovariectomy has proved to be a reliable method of sterilization [4] [5] [6] and laparoscopic ovariectomy, 7, 8 ovariohysterectomy, [9] [10] [11] uterine horn occlusion 12 and laparoscopic-assisted ovariohysterectomy 13 have been widely applied to varying degrees in dogs. Laparoscopic ovariectomy has also been performed in cats using laser and bipolar electrocoagulation. 14 In one study ovariohysterectomies were done in two hybrid Asian lions 15 and in another study two laparoscopic ovariohysterectomies and three laparoscopic hysterectomies were performed in lions. 16 Computer-controlled bipolar electrocoagulation has been extensively used in dogs 17, 18 and horses. [19] [20] [21] The principles of laparoscopic technique, the application of laparoscopic equipment, the use of instrumentation and the placement of the Veress needle in canines and felines have been well described. [22] [23] [24] Hasson described a technique for cannula placement that requires a bigger incision when compared to other methods of cannula placement for performing laparoscopic procedures.
25,26
The primary author has conducted morphological 27 , computed tomographic 28 , angiographic and silicone 29 studies and has developed a sound anatomical knowledge around the splanchnology, topography and arterial supply 30 that represents the anatomy of the female reproductive organs of the African lioness. The ovarian anatomy of the African lioness suggests that both laparoscopic ovariectomy and salpingectomy are possible. The purpose of this study was to describe laparoscopic ovariectomy and salpingectomy in the African lioness. We expected laparoscopic salpingectomy to be possible and that this procedure would be easier and quicker than ovariectomy.
MATERIALS AND METHODS
Sixteen lionesses from a commercial breeding farm were included in the study. The owner wanted to terminate his lion breeding program and therefore needed all his female lionesses sterilized. It was discussed with the owner to use two different surgical techniques as part of a surgical study which he consented to. The lionesses were between 8 months and 10 years of age.
Lionesses would be excluded from the study if they had advanced pregnancy or uterine pathology diagnosed on ultrasound, were morbidly obese or had a body condition score of less than two. Lionesses were randomized into two procedure groups by using a randomization , Fresenius-Kabi, Port Elizabeth, South Africa) was administered until extubation.
Lions were connected to a semi-closed, rebreathing anesthetic circuit during preparation and maintained with a mechanical ventilator on a closed circuit on isoflurane gas (Isofor ® , Safeline
Pharmaceuticals, Weltevredenpark, Roodepoort, South Africa).
® , 10mg/ml, Fresenius-Kabi, Port Elizabeth, South Africa) sub-cutaneously immediately after intubation and one ml of ropivacaine (Naropin®, 7.5 mg/ml, AstraZenaca Pharmaceuticals, Sunninghill Johannesburg, South Africa) sub-cutaneously at the sites of surgical incision.
After ultrasound examination the patient was placed in an endoscopic positioner (Apexx TT) in dorsal recumbency. Due to size of the patients their pelvic and thoracic parts were strapped to the positioner.
Surgical preparation
Lionesses were clipped and prepared for surgery with chlorhexidine gluconate as for a laparotomy. Sterile transparent plastic adhesive surgical drapes (Steridrape 1014, 320 cm x 214 cm, 48 cm x 25 cm, 3M, Mexico, St. Paul) were used.
Recovery
Patients were weaned off the ventilator, transported back to the camps, extubated and allowed to recover in their night rooms under constant supervision of the anesthetic team.
The lionesses were observed twice a day for two days by members of the surgical team and by the care taker. The patients were monitored for any abnormalities associated with appetite, habitus, wound dehiscence or hemorrhage.
RESULTS
Seventeen lionesses were considered of which one lioness was determined by ultrasound to be too far pregnant to safely undergo surgery. Two more lionesses were pregnant on ultrasound examination but surgery on these individuals was regarded to be safe. passed in the cranial port. The ovarian artery and vein were grasped, sealed and cut (Fig 1) . A second bite was taken in the same area of the mesovarium to create a window. The suspensory ligament was sealed and cut (Fig 2) followed by the proper ligament (Fig 3) , tip of the uterine horn and uterine artery to free the ovary from all its attachments (Fig 4) . The tip of the uterine horn and mesovarial remnants were inspected for hemorrhage. The ovary was then removed through the center cannula port. The abdominal pressure was re-established to 13 mm Hg when necessary especially in cases where the cannula had to be removed concurrently with the ovary.
The contralateral ovary was removed.
Group S: Salpingectomy. Similar to ovariectomy the laparoscope was placed in the center cannula port, the Babcock forceps in the caudal port and the 10 mm vessel sealant device in the cranial port. The first visible aspect of the ovary was the medial surface. The ovary was rotated medially with aid of the Babcock forceps in order to expose the uterine tube. The uterine tube was grasped with the Babcock forceps and elevated slightly. A 10 mm vessel sealant device was used to seal and cut the uterine tube and Mesosalpinx. Care was taken to coagulate and cut the ascending (Fig 5) and descending uterine tube and the entire width of the Mesosalpinx (Fig 6) up to the mesovarial margin of the ovary. The Mesosalpinx and severed ends of the uterine tube were observed for any signs of hemorrhage (Fig 7) . The abdominal cavity was deflated and each port closed in a routine fashion.
Bodyweight, age and the volume of CO2 required to insufflate each patient's peritoneal cavity were recorded (Tables 1 and 2 ). 
Intraoperative complications
These included one ovary that slipped off the grasping forceps during retrieval through the body wall. It was however located by reestablishing the cannula and laparoscopic visualization where it was situated within the layers of the body wall. The ovary was re-grasped and successfully retrieved. Another ovary was dropped during manipulation and it too was successfully located and removed.
Postoperative complications
All lionesses returned to normal behavior within 24 hours of surgery. One lioness demonstrated mild pelvic limb weight bearing lameness for two days, most likely due to neuropraxia caused by positioning. The lameness progressively improved over the two days and she was clinically sound on day three. Her habitus and appetite however remained normal during the entire postoperative period.
Laparoscopic ovariectomy and salpingectomy can be safely performed in the African lion.
Factors that influenced surgery were prominent subcutaneous fat, intra-abdominal fat depositions in the median and falciform ligaments and the removal of ovaries in the adults. There was almost no fat present in the ovarian pedicle in contrast to prominent fat deposits in the median and falciform ligaments and subcutaneously. It therefore did not vary markedly between individuals as it does in dogs 35 . In some individuals where the uterine horn was larger in diameter, sealing of the proper ligament and tip of the horn was more time consuming. Surgery was easier in sub-adults because they had less body fat than adult lionesses and their ovaries were smaller.
In the first seven lionesses Veress needle placement was performed with a standard technique 22 by making a skin incision similar to the size of the cannula's open ended tip. The
Veress needle was blindly placed through the abdominal wall and insufflation started. However, difficulty was experienced using this technique due to very thick subcutaneous fat 32 and very prominent fat in the median ligament of the bladder especially in one lioness. A very strong linea alba and abdominal musculature contributed to this obstacle and also complicated placement of the trocar and cannula. For subsequent patients a modified Hasson technique 26 was adopted for placement of the Veress needle and cannula port.
In the first few patients a 10 mm cannula was placed in the centre port, a 12 mm cannula in the cranial port and 10 mm cannula in the caudal port. It was discovered that retrieving the ovaries via the cranial (12 mm) port was difficult due to the presence of prominent falciform fat in this area cranial to the umbilicus. For subsequent patients the 10 mm cannula was exchanged for the 12 mm cannula in the centre port (caudal to the umbilicus) for retrieval of the ovaries in an area where less abdominal fat was present. This also necessitated exchanging the grasping forceps and laparoscope between these ports. The laparoscope was moved to the cranial port and the grasping forceps to the centre port. In all of the lionesses access to the ovaries was comfortably achieved with 36 cm instruments. In all of the sub-adult patients the ovaries were small enough to comfortably be retrieved through the 12 mm cannula lumen compared to adult lionesses where the cannula had to be removed concurrently in most patients. However it was not necessary to increase the cannula incision even in adult lionesses.
Various advances have been made in laparoscopy in reducing the number of ports in both human [33] [34] [35] [36] [37] [38] [39] and veterinary surgery. [8] [9] [10] 13, 40, 41 The use of an ovariectomy hook or transabdominal suture contribute to reducing the number of portals used in sterilisation 13, 40 and other procedures. 42, 43 The well-developed abdominal musculature of the lion precluded the use of these aids and resulted in the use of three ports during both procedures. Single-incision laparoscopic surgery (SILS) 44 should be considered in future as an alternative approach for ovariectomy and salpingectomy in the African lion in an attempt to reduce the amount of soft tissue trauma and possibly reduce surgery times.
To improve visualization of and access to the ovaries different positioning options exist.
Neither the Trendelenburg position 8, 9, 11, 17 or true lateral position 41 were required in our patients.
A 45° lateral oblique tilt of the mechanical positioner was sufficient to visualize the ovaries, despite some manipulation of the spleen being necessary to allow access to the left ovary.
However, a lateral tilt of 15-30° as suggested by some authors 13, 18 would probably not have been adequate in patients of this size. Under field conditions where a controlled theatre environment might not be practical both procedures should be faster in sub-adults and performing salpingectomy in adults should be faster than ovariectomy. Laparoscopic ovariectomy and salpingectomy are surgical options with future application for population control in South African lion prides. These procedures and their possible complications therefore had to be described prior to wider scale implementation.
The time constraints of performing surgery on wild carnivores under field conditions and transportation of heavy and space occupying CO 2 bottles are logistical considerations to these procedures. Further studies are needed to determine the most effective surgical sterilization procedure to ensure a decrease in population numbers without disrupting the social patterns as
